Mathematics is an area of study that particularly lacks student enthusiasm. Nevertheless, with the help of educational games, any phobias concerning mathematics can be considerably decreased and mathematics can become more appealing. In this study, an educational game addressing mathematics was designed, developed and evaluated by a sample of 33 students of the fifth grade of a primary school. Each student played the educational game "Playing with Numbers" (PwN), performing additions with integers, additions with decimals and multiplications with integers for a total of one hour, divided into four sessions. Next, the sample was asked to provide feedback regarding specific questions, and the analysis of the results showed that the PwN application is attractive and delivers usage. The attraction of the PwN game probably owes its success to its competitive element, as users are driven to achieve high scores. The PwN application was also found to be easy to use, and this made the challenge of achieving a high score more appealing, as success depended only on the cognitive skills of the user and not on any weaknesses or difficulties raised by the application itself. The findings of this study show that students would benefit from educational games and would be happy to work within an environment that motivated them and indirectly forced them to deal with mathematical operations while playing.
Introduction
Nowadays, we are surrounded by technological and multimedia products in every aspect of our everyday lives. One of these products is digital games, which have seen a gradual increase in use over the last twenty years for multiple purposes (Jeong, Park, Ryu & Lee, 2008) . Digital games occupy an important part of most children's leisure time and an important part of our culture as a whole (Kirriemuir & McFarlane, 2004) .
According to Siwek (2007) , the digital games industry nowadays constitutes one of the most significant sectors of software business. Several new and emerging ICT technologies are used for the development of digital games. These technologies give new opportunities and improved features when compared with traditional ones, creating increased realism and enabling the production of interfaces that address a wide range of possible customers from different social groups (Illanas, Gallego, Satorre & Llorens, 2008) .
Today, digital games can be found in private environments (e.g. the home) in the form of online computer games, stand-alone computer games and console-based video games, or in public environments in the form of arcade games (Jeong, Park, Ryu & Lee, 2008) . They are generally considered to be a form of entertainment. Digital games can motivate players by providing them with appropriate levels of challenge, curiosity, control, and fantasy (Malone & Lepper, 1987; Balasubramanian & Wilson, 2005) . Habgood (2007) argues that a digital game is "an interactive challenge on a digital platform, which is undertaken for entertainment".
Throughout the literature, several classifications of digital games can be found that do not meet a general consensus among researchers. Taking into account the studies of Kirriemuir & McFarlane (2004) , Schiffler (2006) , Felicia (2009) , Kickmeier-Rust (2009), and Whitton (2010) , we can classify digital games in the following seven categories:
• increase motivation (Garris, Ahlers & Driskell, 2002; Lee & Peng, 2006; Graesser, Chipman, Leeming & Biedenbach, 2009 ), • create cognitive conflict (Chen, Lien, Annetta & Lu, 2010) , • can improve and enhance visual-spatial perception ability (Greenfield, Brannon & Lohr, 1994; Lee & Peng, 2006) , • can generate various competencies (such as motor, cognitive, emotional, social, personal, etc.) (Kretschmann, 2010) , • can stimulate intensive mental engagement (Prensky, 2001) , and • create conditions for better memory retention (Oblinger, 2004; Lee & Peng, 2006) .
The most successful and the most common form of educational games are the mini games targeting at preschool age and primary education level children. These games attempt to help young children to obtain basic skills such as numbers, letters, simple maths, and reading, offering entertainment and instruction for their target audience (Kickmeier-Rust, 2009 ).
Mini games are short computer games with basic rules and are easy to play. They are often completely focused on a concrete concept to be taught (conceptual mini games), in order to transform the game into a learning object. This sub-category of educational games has very simple rules which do not change while playing the game. Therefore, it is easy for the teacher to evaluate the progress of the students (Illanas, Gallego, Satorre & Llorens, 2008) .
One of the first fields where educational games were applied was mathematics education. Considering children's natural love for playing games, the growing availability of electronic media, and the fact that children spend a great deal of time interacting with electronic media (Fisch, Lesh, & Motoki, 2009) , the educational value of digital games is very clear. Nevertheless, there exist quite a few empirical studies relating to questions of exactly how and why children act one way or another within the evolving dynamics of an educational gaming environment (Gee, 2003; Ke, 2008; Conati & Zhao, 2008; Fisch, Lesh, & Motoki, 2009 ). In addition, many researchers contend that the effectiveness of computer games on learning is still unknown (Ke, 2006 (Ke, , 2008 .
In the field of mathematics, many researchers propose that digital games are the perfect tools, with great motivational appeal for improving mathematical learning (Conati & Zhao, 2008; Lee & Cheng, 2009; Eliens & Ruttkay, 2009a) . Ke (2006) also notes that it seems, from a few empirical studies, that digital games can be effective tools for understanding arithmetical concepts or for problem solving.
In their study, Ota and DuPaul (2002) examined the effects of using software with a digital game format to improve the maths performance of young students with attention-deficit hyperactivity disorder. The results of their research showed that, to a certain extent, users' performance was improved, while their attention was increased. Balasubramanian and Wilson (2006) analysed the findings of numerous studies and found that well-designed educational digital games and simulations can help students to obtain critical problem-solving and decision-making skills, which are necessary for everyday living. Kebritchi (2008) and Kebritchi, Hirumi and Bai (2010) indicated a significant improvement in the mathematical skills of participants playing a specific mathematical digital game, compared to those who did not play the computer game. This finding is supported by a number of reasons, which, according to teachers, are:
• the experiential nature of the learning, • the alternative method of teaching and learning, • the students dealing with mathematics in order to progress in the game (score), • the transformation of mathematics phobia to a projection of the relationship between mathematics and real life, and • the students feeling that they were not working with mathematics concepts.
According to the students, the reasons for the improvement in their mathematical skills were:
• the combination of learning and entertainment, • the adventurous and exploratory context in which they played with mathematics, and • the challenge that existed in the game's environment.
In this work, we describe the conceptual mini game named PwN. PwN is a computer game aiming to improve students' skills in simple mathematic operations such as the addition of integers, the addition of decimals and the multiplication of integers in a competitive environment. Using a sample of 33 students of the fifth grade of a primary school, we attempted to explore the factors affecting the game's use and collect feedback for several aspects of the application.
Description and Implementation of PwN
PwN is an educational game (a conceptual mini game) implemented with Microsoft VB 6.0 using Microsoft Windows (7 or XP). It is modular, enabling the integration of a main module that consists of independent components with differentiated content and diverse educational goals.
The general concept of the application is described below:
• From the teacher's perspective: The teacher defines a specific number standing for the sum or the product to be achieved, through the configuration panel. The teacher also defines the operational features of the game, which will be described later in this section.
• From the student's perspective: In a window on the screen there is a box with specified dimensions. When the game starts, pictures with random numbers fall continuously from the top of the window towards the box. The user can relocate each falling number moving it left or right, in order to place it on an appropriate stack in the box. The objective is to create stacks with numbers, whose sum or product is equal to the predefined number. The score rises when the user manages to create predefined sums or products using a group of consecutive numbers of the same stack. Every successful effort is followed by characteristic sounds. Figure 1 depicts an instance of the application during run time. On the left side of the window and from top to bottom the following features are illustrated: player's name, score, elapsed time and the total amount of numbers contained in the box. On the top right of the screen lies the button that enables the configuration of several operational features by the educational administrator. User access is personalized (login with username). The button lying below the application configuration button enables the user to enter his name in order to start the game.
<Figure 1 about here> The game's starting button is in the middle of the right side of the screen illustrated in Figure 1 , while the exit button is located at the bottom right of the screen. Under the box there are three buttons. The left and the right buttons are used to horizontally relocate the falling numbers, while the middle button is used for pausing/restarting the game.
The application's operation depends on several features concerning the sum or the product to be achieved, the bounds and the kinds of numbers to be used, as well as features relative to the speed of the falling numbers, the duration of the game and the capabilities for recording the user's actions. The administrator is able to adjust, through the configuration panel, the following features:
• The requested sum or product that has to be achieved. • The bounds (range) of addends or factors that will be randomly used by the application.
• Whether the user will have to create a specific sum or product through a predefined amount of addends or factors (varying from 2 to 5).
• The number that initiates the production of sequences of random numbers.
• The speed with which the numbers fall (movement step in pixels/ms and movement's period).
• The game's duration. This may be unlimited or limited to a defined amount of time.
• Whether detailed user information will be recorded or only basic information, such as full name and total score.
The speed at which the numbers fall is adjustable, but remains stable while playing the game. The administrator can adjust the numbers' falling speed through the configuration panel, though it remains stable regardless of computer power, monitor or display adapter's performance. In the context of this research, the numbers' falling speed was designated at approximately 120 pixels/s, through a pilot test that was performed with a small group of seven students of the fifth grade of a primary education school. This group of students did not participate in the main evaluation group of the PwN application. The determination of this specific falling speed was based on a criterion that depended on two variables: (a) the minimum required time that the student needed to react and appropriately relocate a falling number aiming to raise his score, and (b) the student's feeling that the fall was not performed too slowly to cause him to become bored.
It has to be mentioned that inferences from the pilot test were drawn while the box depicted in Figure 1 was empty, meaning that the game was in its initial stages. At this point, the stacks are short and the student has more time to react than at more advanced stages of the game. Naturally, as the game evolves and the stacks grow higher, the user's available reaction time becomes shorter. For this reason, there is no need to increase the falling speed of the numbers either proportionally to the score or the game's duration.
PwN meets all the specifications of a mini game, and like every mini game, there is no definite end to the game. The box can hold 10 x 10 (rows x columns) of stacked numbers. The game continues as long as the box is not covered with 100 (10 x 10) numbers, at which point there is no room left for another number. The player's score keeps rising while he achieves predefined sums or products and the box is not completely full of numbers. As supported by llanas, Gallego, Satorre and Llorens (2008), this is probably the most attractive characteristic in this kind of game, because it encourages players to beat themselves. In each game, players try to surpass their previous score.
Methodology -Experimental Setup
PwN was installed in the computer laboratory of a typical urban school of primary education. The school's computer lab had 12 personal computers (CPU Intel 2,8 GHz / 2 MB RAM) running under a Microsoft Windows 7 operating system with LCD/TFT 17'' displays with 1024x768 pixels screen resolution. The falling speed of the numbers was set in all 12 PCs to be equal to the optimum speed inferred by the pilot test.
Participants were selected using a random number generator. Overall, 33 out of 57 students attending the fifth grade were selected for the evaluation of the PwN application. Each student played the game individually in the peaceful environment of the school computer lab. Throughout the experimental procedure the students were observed by at least one researcher, who was responsible for the collection of the experimental data.
During the experimental procedure, the evaluation sample used the PwN application, addressing three arithmetic operations: addition of integers, addition of decimals and multiplication of integers. In order to address each arithmetic operation through PwN, every student was given five minutes for each one. The experimental procedure involved four successive sessions (performed within two weeks), which involved all three arithmetic operations. The total time of each session was 15 minutes and the students had to reach the target sums or products as set by the researcher of each operation. Thus, for the addition of integers, participants were asked to achieve a predefined sum of 10, 12, 15 and 18 for each session respectively. For the addition of decimals the target sum was 1.0, 1.4, 1.6 and 1.8 for each session respectively. Finally, for the multiplication task, the target product was 12, 18, 24 and 30 for each session respectively.
Just before the experimental procedure (for competitive reasons) the students were informed that a collection of data regarding their scores would take place. This research is not focused on the exploration of the learning effects of PwN, however, since this has already been performed in a previous study regarding PwN (Panagiotakopoulos, Sarris & Koleza, 2011) .
After the end of the experimental procedure, the students were asked to complete a questionnaire for the application's evaluation. This contained several questions aimed at collecting the students' views concerning:
• the application's ease of use,
• the application's aesthetics and elements (e.g. colours) they most liked, • the abilities they had (e.g. self-evaluation) while executing arithmetic operations, • the creation of a hierarchy of the kind of arithmetic operations that puzzled them the most, and • the application's effectiveness, i.e. whether and how much they believed that the application improved their performance while executing arithmetic operations.
After the completion of the questionnaires, the researcher had a recorded conversation with each group of students that participated in this research. This conversation aimed to collect information regarding the students' attitudes towards the application. Moreover, the teachers of the students that comprised the evaluation sample were asked to provide data regarding the students' performance in mathematics, as recorded in the personal grade book of each student. This information was used in order to compare their views upon specific issues (discussed in Section 5) with objective data.
Results and Discussion
The sample consisted of 33 students, of which 18 were boys (54.5%) and 15 were girls (45.5%). The sample's average age was 9.59 years. Every student had a computer at his/her home and they stated they used it for an average of 3.02 hours per week (σ = 1.71 hours per week). According to the students' answers to relevant questions, they mainly focused on educational games and Internet surfing (x 2 = 12.3; df = 4; p < .05).
The evaluation sample was asked to express its opinion regarding the ease of use of the application. Their answers were recorded through the five-grade Likert scale (1=Very easy, 2=Easy, 3=Neutral, 4=Difficult, 5=Very difficult). Each answer's frequency is depicted in Table 1 .
<Table 1 about here> As we may observe from Table 1 , the application did not raise any difficulties regarding its use. This observation makes sense if we consider that the game play is based only on the arrow keys. Nevertheless, the conversation between researchers and students showed that some of the students associated the application's ease of use with ease of achieving a good score.
A Mann-Whitney U test was conducted to check for presumable differences among gender. The results of the test were as expected and non significant (z = .0; p > .05). Both boys and girls had an average rank of 17.0 in the ease of use variable.
When the sample was asked to select the most attractive factor of the application among score, ease of use, animation and aesthetics-colours, the Friedman's test analysis revealed statistically significant differences (x 2 = 21.76; df = 3; p < .001). Table 2 shows the mean rank for every factor. <Table 2 about here> The most attractive factor for the students that participated in the application's evaluation was the score achievement. Essentially, high score achievement (i.e. the competitiveness factor) created the strongest motivation for using PwN.
According to Eliens and Ruttkay (2009b) , educators continuously face the problem of motivating their students to learn, and this is particularly true of educators of mathematics. In the present case, the competition that emerged through the struggle to achieve a high score seemed to be helpful regarding the engagement of the student with the execution of arithmetic operations. This very characteristic, when combined with ease of use, may play an important role in engaging students in the learning process that aims to improve their mathematical calculation skills through simple addition and multiplication tasks.
Another analysis showed that the boys liked the animation more than the girls (x 2 = 8.7; df = 3; p < .05; Cramer's V = .51). On the other hand, there were no gender differences in the selection of score achievement as the most attractive factor (x 2 = 2.41; df = 3; p > .05).
There were statistically significant differences when the sample was asked to select the factor that raised the most difficulties while using the application (Friedman's x 2 = 49.47; df = 3; p < .001). Table 3 presents the mean rank of each factor. <Table 3 about here> Table 3 shows that the evaluation sample considered the numbers' falling speed as the factor that raised the most difficulties. A further statistical analysis showed that there were no gender differences concerning the numbers' falling speed factor (x 2 = 2.1; df = 2; p > .05). Conversely, mathematical tasks raised more difficulties for the girls than for the boys (x 2 = 14.85; df = 2; p < .005; Cramer's V = .67). It is remarkable, therefore, that the girls stated that the application proved helpful in enhancing their skills in mathematical calculation tasks (x 2 = 15.04; df = 4; p < .01; Cramer's V = .71). Nevertheless, it should be mentioned that the difficulty students faced concerning the numbers' falling speed, may also constitute an attractive factor for using PwN. Investigating this issue more thoroughly, it is evident that the numbers' falling speed raises difficulties and makes the game more challenging in achieving the goal (which is essentially the achievement of a high score). Meanwhile, it makes the user stay alert due to the fact that simple arithmetic operations have to be executed as fast as possible, creating conditions of action. According to Malone (1981) , action alone is a strong factor of attraction.
The same analysis showed that the boys disliked the time limitation regarding PwN's use more than the girls did. Obviously, the boys wanted to play for longer (x 2 = 14.18; df = 3; p < .005, Cramer's V = .66).
The sample was also asked to create a hierarchy of the three arithmetic operations (i.e. addition of integers, addition of decimals and multiplication of integers) according to their difficulty (self-evaluation). The analysis of the received feedback showed a statistically significant difference regarding the most difficult operation (Friedman's x 2 = 30.97; df = 2; p < .001). Table 4 illustrates the mean rank of each operation. <Table 4 about here> Table 4 shows that the evaluation sample considered the addition of decimals to be the most difficult arithmetic operation. It has to be noted though, that the boys who found the addition of decimals to be the most difficult operation also stated that the application proved to be quite helpful in improving their skills in the execution of this arithmetic operation (x 2 = 18.0; df = 3; p < .001; Cramer's V = .98).
In a further data analysis, the personal grade book of each participant in the evaluation sample was used, and a median split was performed to classify children into high and moderate-low mathematical achievers. From the sample's feedback for each relative question, it emerged that the low mathematical achievers claimed that PwN helped them a lot (to a very great extent or to a great extent), while the high mathematical achievers stated that they were moderately helped (x 2 = 17.8; df = 3; p < .001; Cramer's V = .73). This means that the moderate-low mathematical achievers believed they were helped more from PwN than the high mathematical achievers did.
Trying to investigate whether there existed a cohesion between the subjective views of the sample regarding their mathematical calculation skills and the objective data emerging from their personal grade books, the nonparametric Spearman correlation was implemented. The analysis showed high cohesion between students' opinions about their mathematical calculation skills and their actual mathematical performance as recorded by their teachers (Spearman's rho = .61; p < .001). This finding leads to the conclusion that the sample's statements are characterized by a high degree of validity.
Next, the sample's students were asked to provide feedback regarding what they disliked while using PwN. Their answers are depicted in Table 5 . <Table 5 about here> The results shown in Table 5 reinforce the aforementioned conclusion according to which the application creates an increased desire for gaming without time limitations, since the short duration did not please the participants. A secondary problem concerned the numbers' falling speed was that it was directly associated with the achievement of a high score. The sample naturally believed that by using a slower falling speed, it would achieve a higher score.
Finally, several observations emerged from the group conversations between researchers and the students in the sample at the end of the experimental procedure. The three most important observations are summarized in the following list:
•
The majority of the students expressed a strong desire to use the application again.
• The game's time limitation was a feature that most of the students disliked. As many of them stated, they would have liked to have been able to play until the game was completed.
• Many of the students manifested a strong desire to use similar score-recording applications in other lessons of the school's timetable as well.
The results of a previous study (Panagiotakopoulos, Sarris & Koleza, 2011) showed that PwN can help students improve their calculation skills in simple addition and multiplication tasks. For evaluation purposes, the performance of 30 primary school children on three arithmetic operations was examined. In the context of this study, pre-and post-evaluation assessment tests were carried out to examine skills in simple addition (of both integers and decimals) and multiplication. Between these two assessment tests, the main evaluation procedure was performed, where the participants completed three successive practice sessions that involved the practising of all three mathematical operations. Data analysis revealed a substantial increase in students' performance for all arithmetic operations. The gains in calculation skills by the end of the third session were over 22% for the addition of integers and over 15% for the addition of decimals. A profound difference of 46% between the initial and the final sessions was observed in the multiplication operation. In an effort to further examine the effect of the PwN application in improving children's calculation skills, we went on to analyse the pre-and post-evaluation assessment test data. Results indicated that in the post-evaluation assessment test, mean accuracy scores were significantly higher than those achieved in the initial testing.
Conclusions
Many educators and researchers explore methods to deliver content to their students through flexible, convenient, and effective learning techniques. One of these is the use of educational games. Exploiting educational games is not a new method, but many researchers still try to examine various aspects that remain unexplored (Conati & Zhao, 2008; Fisch, Lesh, & Motoki, 2009) . One issue under investigation concerns the reasons and the manner in which their usage creates conditions that favour learning. Another important issue involves the reason why they inspire such strong motivation to use them, and the precise nature of this motivation.
As Klenowski and her collaborators mention, mathematics is an area that particularly lacks student enthusiasm (Klenowski, Tobias, Funnell, Vance, & Kaesehagen, 2010) . The last 25 years have seen increasing efforts to create effective learning environments through the use of educational games. The aim of these games is to present various concepts in a more appealing way, to make them more concrete, and to reduce potential phobias concerning mathematics (Scanlon, Buckingham & Burn, 2005) .
In this study, a sample of 33 students attending the fifth grade of a primary school was used. All of the students in the sample had a computer at home and used it recreationally, mainly for educational games and Internet surfing.
The findings of the present study indicate that the educational game, which in a previous study has shown to have a positive effect towards improving students' computational skills, is both attractive and motivational for students to use. It should be noted that one of the most cited reasons for using games in educational contexts is that they motivate children (Owen, 2007) .
The attraction, in the present case, probably owes its existence to the creation of competition to achieve a high score. But to achieve a high score in PwN, a user needs to perform the correct theoretical calculations before stacking the falling numbers. This essentially means that the gaming environment promotes fast calculation, while directly showing the results of the user's choices. Meanwhile, the application does not raise any difficulties in its use, thus making the challenge of achieving a high score more appealing, since success depends only on the cognitive choices of the user and not on any application-dependent factor.
The analysis of the evaluation data showed that the application was easy to use, without any statistically-important gender differences. In addition, the most attractive factor according to the evaluation sample, was the score achievement. The combination of the above-mentioned factors appeared to be quite helpful for the students in improving their mathematical calculation skills in simple addition and multiplication tasks.
The factor that raised the most difficulties while using PwN (with no statistically significant gender differences) was the numbers' falling speed. Nevertheless, the numbers' falling speed is connected with the user's readiness and score achievement, which was the most attractive factor (according to the evaluation sample). The sample also wanted to play with PwN for longer than the time allotted to them; this was supported more by the boys than the girls.
The analysis with nonparametric Spearman correlation showed high correlation between students' opinions about their mathematical calculation skills and their actual skills, as revealed in their personal grade books. Thus, it appears that what students state with regard to mathematics is characterized by a high degree of validity.
A further analysis was performed, where the students in the sample were classified through a median split into high and moderate-low mathematical achievers using data from their personal grade books. The feedback received through an appropriate question showed that moderate-low mathematical achievers believed they were helped more through the use of PwN than high mathematical achievers.
It can be concluded that educational games provide motivation and opportunities for learning meta-skills and curriculum content, views which are also supported by Owen (2007) . The findings from this study show that students would benefit from educational games and would be happy to work within an environment that motivated them and indirectly forced them to deal with mathematical tasks while playing.
However, despite the aforementioned encouraging results, we should be cautious. It is considered that future longitudinal research in the field should address two important questions: the first concerns whether these applications have lasting effects on enhancing children's mathematical calculation skills, whilst the second should focus on the applications' efficiency in positively changing students' attitudes toward mathematical thinking (Scanlon, Buckingham & Burn, 
